We present a study of resonances in exclusive decays of B mesons to D PACS numbers: 13.25.Hw, 12.15.Hh, 11.30.Er In this article, we study the production of D . We present a study of the DD mass distribution in DDK events.
The X(3872) resonance was discovered by Belle in the invariant mass distribution of J/ψπ + π − produced in B → J/ψπ + π − K decays, and was thereafter confirmed by BABAR, D0 and CDF [5] . This new meson has a mass of 3871.2 ± 0.5 MeV/c 2 and a natural width less than 2.3 MeV at 90% confidence level (C.L.). At present, the quantum numbers compatible with the observations are J P C = 1 ++ or 2 −+ [6] . Recently, Belle showed an excess of events in the
2 [7] (where the third error is due to the uncertainty in the neutral D mass). The X(3872) is probably not a charmonium state, given its measured mass and width, and several alternative interpretations have been proposed: D * 0 D 0 molecule, tetraquark state, hybrid or gluonium states [8] . We present a search for X(3872) decays to
The measurements reported here use 347 fb −1 of data, corresponding to (383±4)×10
6 BB pairs, collected at the Υ (4S) resonance with the BABAR detector at the PEP-II B factory. The BABAR detector is described in detail elsewhere [9] . We use a Monte Carlo (MC) simulation based on GEANT4 [10] to study the relevant backgrounds and estimate the selection efficiencies. [11] . To suppress the e + e − →(q = u, d, s and c) continuum background, we perform a selection based on the ratio of the second to zeroth Fox-Wolfram moments of the event [12] and on the cosine of the angle between the thrust axis of the candidate decay and the thrust axis of the rest of the event. Signal events have m ES = s/4 − p * 2 B , where p * B is the center-of-mass momentum of the B candidate, compatible with the known B meson mass, and a difference between the candidate energy and the beam energy in the center-of-mass, ∆E, compatible with 0. On average we have about 1.8 signal B candidates per event. If more than one candidate is selected in an event, we retain the one with the smallest |∆E|. In the final selection, we require |∆E| to be less than nσ ∆E , where the resolution σ ∆E varies between 7 and 14 MeV and n is determined for each mode by the optimization procedure (n ranges from 1 to 4). For each mode we define a B signal region m 2 . The signal purity obtained in the signal region ranges from 17 to 77%, depending on the mode.
We consider several sources of systematic errors. From the difference between data and Monte Carlo efficiencies we derive systematic errors of 0.5% per charged track, 2.2% per soft pion from D * decays, 2.5% per K 0 S , 2% per K + , 3% per π 0 and 2% per single photon. As an example, the particle identification efficiency for K + is measured using a
Other sources of systematic error are also taken into account: limited MC statistics (1-3%), the estimate of the total number of B mesons in the data sample (1.1%), uncertainties on the D ( * ) and K 0 S branching fractions (3-8%) and uncertainties on the D ( * ) and K masses (0.5-6%). In addition, there are uncertainties in the fit procedure for the different resonances: when fixing a parameter, we repeat the fit varying the parameter by ±1σ of its error (where σ is the 68% C.L. standard deviation); these uncertainties include also variation of the background parametrization. Using the m ES control region, we check that the combinatorial background events do not contain any significant D + s1 (2536), ψ(3770) or X(3872) signals or additional peaking structures. Furthermore, for the mass and width measurements, we include effects from the energy loss in the tracking system, from the uncertainties on the magnetic field and from the calibration and background of the calorimeter.
We search for D Table I ). A fit to the eight B modes gives 182 ± 19 events in the peak with a statistical significance of 11.8σ. We compute an estimate of the statistical significance calculating PROB(2(L 0 − L signal ), N dof ), where L 0(signal) is the minimum of the likelihood without (with) the signal contribution, N dof is the number of free parameters in the signal PDF and PROB is the upper tail probability of a chi-squared distribution, converting this probability into a number of standard deviations.
From the D + s1 (2536) yields, we compute cross-feedcorrected branching fractions, using the signal efficiency and the relative contributions from cross-feed between the different B → D ( * ) D + s1 (2536) channels, as obtained from simulated events. The resulting branching fractions, the efficiencies, including the intermediate branching fractions, and the internal cross-feed contributions are given in Table I . In addition to the effects previously mentioned, systematics in the table include uncertainties from the cross-feed events (0-3%), underestimate of the MC resolution (1-10%) and uncertainty on the D (2536) frame. We fit the helicity distribution to different spin-parity hypotheses (one free parameter for J P = 1 − and 2 + , and two free parameters for J P = 1 + and 2 − ). The fits to J P = 1 + in pure S wave (flat distribution, not shown in the figure), J P =1
+ with S-D wave admixture, and J P =1 − are all in good agreement with data, with χ 2 /n.d.f. of 15.9/9, 9.3/8 and 9.6/9 respectively. Fits to J P =2 + and 2 − are disfavored, with χ 2 /n.d.f. of 26.0/9 and 26.0/8 respectively.
We search for Fig. 1c we show the DD invariant mass for the sum of
modes. The curve shown is the result of a fit where the ψ(3770) peak is described by a P-wave Breit-Wigner with the mass as a free parameter in the fit and a natural width fixed to 23 MeV [1] , while the background is described by the threshold function described previously. We observe 57 ± 11 events, with a statistical significance of 6.4σ, from which we obtain M (ψ(3770)) = (3775.5±2.4±0.5) MeV/c 2 , in good agreement with the recent high precision measurement of the BES collaboration [13] . We obtain the branching fractions, or limits, reported in Table I , by fitting separately the
S channels, with M (ψ(3770)) fixed to the result of the combined fit.
For the two modes with significant signal, we study the ψ(3770) helicity angle, θ ψ(3770) (Fig. 1d) , defined as the angle between the D 0/+ direction and the B direction in the ψ(3770) frame. We confirm the spin 1 assignment of the ψ(3770) (χ 2 /n.d.f.=2.9/9). A spin 0 hypothesis gives χ 2 /n.d.f.=22.0/9. We search for decays B → X(3872)K, X(3872)
We plot the D * 0 D 0 invariant mass distribution for the sum of B 0 and B + candidates in Fig. 1e . Due to the proximity of the threshold and to the fact that the natural width of the X(3872) is comparable to the D * 0 D 0 mass resolution, there is no easy analytic parametrization of the reconstructed X(3872) mass spectrum. To measure the mass and width of the X(3872), we generate and reconstruct high statistics MC samples of B → X(3872)K events with various masses (from 3872 to 3877 MeV/c 2 ) and widths (from 0 to 20 MeV), assuming a pure S-wave decay of a spin 1 resonance. We perform binned extended maximum likelihood fits to the measured D * 0 D 0 invariant mass distributions using these different MC samples as signal PDFs combined with a threshold function for the background. We compare the agreement of each mass and width hypothesis to the data by computing the χ 2 of the fit for the sum of bins below 3.9 GeV/c 2 . Figure 2 shows the interpolated χ 2 − χ 2 min contours versus the simulated masses and widths of the different signal samples, where χ 2 min is the χ 2 value for the best fit. This best fit gives 33 ± 7 events in the X(3872) peak, with a statistical significance of 4.9σ. Mass and width central values are obtained at the minimum of the χ 2 distribution, while the errors are given by the extreme points of the contour in the (mass, width) plane defined at χ 2 min +1. We obtain a mass of (3875.1 +0.7 −0.5 ±0.5) MeV/c 2 and a width of (3.0 +1.9 −1.4 ± 0.9) MeV, where the systematic errors include additional contributions from the choice of the bin width of the invariant mass distribution (0.14 MeV/c 2 and 0.07 MeV respectively on the mass and on the width) and from the fact that in the MC we assume S-wave X(3872) decays to D * 0 D 0 (0.20 MeV/c 2 and 0.80 MeV respectively on the mass and on the width, determined using MC events with P -wave X(3872) decays). Independently of the mass value, the width measurement is 1.8σ away from 0 MeV. The B + and B 0 branching fractions to X(3872)K (reported in Table I ) are obtained by fitting the D * 0 D 0 invariant mass spectra, separately for B + and B 0 , choosing the MC sample with M (X(3872)) = 3875 MeV/c 2 and Γ(X(3872)) = 3 MeV, which is found to give the best fit to the data.
We study the helicity angle of the X(3872), θ X(3872) , for the sum of B 0 and B + modes (see Fig. 1f ). Here, θ X(3872) is defined as the angle between the D 0 or D * 0 direction and the B direction in the X(3872) frame. Comparing the curves obtained with different spin hypotheses with the data distribution, we obtain the following χ 2 /n.d.f.: 9.8/7 for J P = 1 − , 3.9/7 for 1 + assuming a pure S wave (flat distribution, not shown in the figure), 2.5/6 for 1 + with S-D wave admixture, 5.9/7 for 2 + and 2.7/6 for 2 − . On the basis of this data sample, we cannot distinguish the different spin assignments. However the D * 0 D 0 decay would be suppressed by the angular momentum barrier for J = 2.
The ratio of X(3872) candidates reconstructed in the D 0 D 0 π 0 and D 0 D 0 γ final states is 1.37 ± 0.56 (statistical error only), while we expect 1.30 for a decay that proceeds exclusively via a D * 0 meson. In addition, we measure parameters which can be used to differentiate various theoretical interpretations [8, 14] : ∆m, the mass difference between the state seen in B 0 decays and B + decays, as well as R 0/+ , the ratio of branching fractions between B 0 decays and B + decays. Assuming that the signal seen in B 0 decays is not a statistical fluctuation, we obtain ∆m = (0.7 ± 1.9 ± 0.3) MeV/c 2 and R 0/+ = 1.33 ± 0.69 ± 0.43.
In summary, we report the observation of the eight
(2536) mass of (2534.78 ± 0.31 ± 0.40) MeV/c 2 . We observe the ψ(3770) resonance in B → DDK decays and measure its mass to be (3775.5±2.4±0.5) MeV/c 2 . We show that an enhancement of data is observed near the limit of phase space for the D * 0 D 0 invariant mass, at a mass of (3875.1 
0.5) MeV/c
2 , with a width of (3.0 +1.9 −1.4 ± 0.9) MeV. This enhancement could be interpreted as the X (3872) ) . No branching fraction is given in the absence of signal observation. A 90% C.L. upper limit on the branching fraction is given when the statistical significance is less than or equal to 3σ (these limits use the profile likelihood method [15] and include systematic errors). The first error on B is statistical and the second is systematic. 
